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INCOME DISTRIBUTION EFFECTS OF TECHNICAL CHANGEJ
SOME ANALYTICAL ISSUES
Hans P. Binswan ger
INTRODUCTION
This paper is a review of partial and general equilibr ium approach es
to analysi s of distribu tional conseque nces of technica l change. In addition ,
some existing partial and general equilibr ium models are also recast and re
fined in a way to make them more amenable to empirica l analysis , especia lly
by making them consiste nt with recent developm ents in econome tric paramet er
estimati on techniqu es.
An earlier version of this paper was prepared for the Workshop on Tech
nology and Factor Markets held recently in Singapo re under the auspices of the
Agricul tural Developm ent Council. That Workshop was convened to see whether
economic theory could help in the interpre tation of the conside rable empiric al
micro and macro evidence of the distribu tional impact of agricul tural technica

l

changes such as the green revoluti on. The organize rs of the Workshop felt that
theoret ical advance s might help clarify some of the apparen tly contrad ictory
and confusin g picture which is emerging from the empirica l studies which some
times totally lacked a theoreti cal foundat ion. The models discusse d in this
paper have thus been built with agricult ure in mind and use agricult ure for
example s.
The distribu tional problem associat ed with technica l change in agricul
ture breaks down into four subprobl ems.
1)

The Distribu tional Effects among Produce rs of a Given Region

This is probably the most analyzed and best understo od issue.
determi nants are operatin g here:
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First, it is clear that early adoption of a technolo gy provides innova
tors rents. It is well known that innovato rs rents are sometim es the only pro
ducer benefit s from technica l change in markets with inelasti c final demand
where widespr ead adoption ultimate ly leads to price reductio ns.
distribu ted is thus importa nt, despite their transito ry nature.

How they are
It is clear

that large produce rs will usually be among the early adopters since they have
a much stronge r incentiv e to search for informa tion about new technolo gy. The
benefits from search are proporti onal to size while the costs are not, hence
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larger producers have a much stronger incentive to search than smaller ones
(Welch, 1976). 1
The adoption cycle thus leads to a regressive impact~ the income dis
tribution. However, this particular impact is transitory. The empirical
evidence on adoption lags is massive and well understood.
Second, technologies may reduce costs for large scale firms more than
small scale ones, i.e., have a scale bias. In agriculture much of mechanical
technology such as tractors are of this type. 2 It is clear that any technical
change which is biased in favor of large scale firms provides them with bene
fits while it does so to a lesser extent or not at all for small firms. Since
in agriculture the large firms are owned by the wealthier groups, scale biased
technology must have~ permanent regressive impact.
The third determinant of the distributional impact of a technical change
among producers is their relative access to product and factor markets. If
access to input and credit markets is unequal prior to the introduction of new
technology, any innovation which leads to greater dependence on these markets
will lead to a regressive distribution of the gains. This regressive impact
is not transitory. To remedy the situation requires institutional changes
which will equalize the access of producers to product'and factor markets.
Blaming the regressive impact on the technology makes little sense unless
clearly superior technologies can be developed which do not increase dependence
on markets.

In agriculture this is highly unlikely. It is interesting to note
that the green revolution has led to a much greater realization of the inequa

lities of access existing in these markets and to a large amount of policy to
remedy it.
Analytically the problem of distributional consequences among producers
is relatively easy to handle. Microdata on adoption rates, relative productivi
ties and input use levels can provide many insights, although care has to be
taken to clearly distinguish the transitory and the more permanent determinants
of distributional outcomes.
1 similarly,

extension agents or input salesmen whose performance is judged in
terms of acreage of adoption of new techniques or sales of production inputs
have an incentive to work with larger producers, because the effort depends
on the number of producers visited, while the benefits are proportional to the
size of the farms of each producer.
2
For a review of these issues, see Hans P. Binswanger (1978).
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2)

Pro duc ers vers us Con sum ers

The con flic t abo ut the dist ribu tion
of gain s betw een agr icu ltur al pro
duc ers and cons ume rs has been the
maj or dist ribu tion al con flic t in Euro
pe and
Nor th Ame rica . It is usu ally ana
lyze d in com para tive sta tic par tial
equ ilib 
rium mod els. The bas ic con clus ion
of thes e con sum er-p rodu cer surp lus
mod els
is tha t und er per fec tly ela stic com
mod ity demand prod uce rs cap ture all
the gain s.
But
und er ine last ic demand cons ume rs
gain whe reas prod uce rs may gain or
lose . The tota l gain is cap ture d
by cons ume rs, with prod uce rs neit her
gain ing
nor losi ng when the ela stic ity of
fina l demand a is equ al to min us
1. Figu re
1 show s this clea rly. If a tech nica
l chan ge shi fts the sup ply curv e from
S to S' and demand is per fec tly
ela stic (D ) then prod uce r surp lus
expa nds
2
from PAE to PCF and cons ume r
surp lus is una ffec ted. If on the
othe r hand
the demand curv e is ine last ic such
as D
1 prod ucer surp lus chan ges from PAE
to P'BF
whi ch imp lies the loss of area PAG
P' and a gain of the area EFBA
Whi ch of thes e two area s is bigg er
depe nds on the ela stic ity of fina
l dem and. 1
Con sum ers on the oth er hand gain
the area ABP'P whi ch wil l be the
larg er the
sma ller la l
If Jal < 1 cons ume rs gain at the
exp ense of rea l loss es to
the pro duc ers.
Fur ther mor e, it is clea r tha t, whe
neve r gain s are cap ture d by cons ume
rs
the imp act of mos t tech nica l chan
ges in food prod ucti on on the inco
me dist ribu 
tion is pro gres sive . 2 Poo r peo ple
spen d a larg e pro por tion of the ir
bud get
on food and the pro por tion al gain
in the ir real inco me (de flat ed by
a pric e
inde x usin g the ir own con sum ptio n
wei ghts ) is larg er than tha t of rich
peo ple
who spen d pro por tion atel y less on
food . For a deta iled ana lysi s, see
Pin stru p
And erso n, ~ al. (197 6).
In the con text of the gree n rev olu
tion , the issu e of cons ume r gain s
has
rece ived litt le atte ntio n 3 bec ause
pop ulat ion and inco me grow th have
led to
shi fts in the fina l demand curv e
whi ch wer e ofte n mor e than suf fici
ent to offs et
any downward pres sure on pric es orig
ina ting from the shi fts in the sup
ply curv es
1

rt also dep end s on the inte rce pt
and the shap e of the sup ply curv e
thro ugh
its ent ire rang e. For one mod el
of com puta tion , see Hayami (197 5),
p. 166 .
2
Exc epti ons to this are tech nica l
chan ges whi ch are con fine d to luxu
ry food s.
3
Exc ept for ana lyst s who mea sure d
the gain s from tech nica l chan ge usin
g the
con sum er-p rodu cer surp lus tech niqu
es.
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FIGURE 1:

Cons umer versu s Prod ucer Gain s from Tech nical
Chan ge

Q QI

Q"

5

due to technical changes.

However, one can easily reason that the absence of

the green revolution might have led to massive adverse consequences on the in
come distribution via higher food prices.
As we shall see the partial equilibrium models are not always fully ade
quate to analyze this particular problem, especially when the sectors experienc
ing technical change are large relative to the economy.
3)

Land-owners (or Capitalists) versus Workers
In the wake of the green revolution it has been observed from microstudies

that in those areas experiencing the technical change, land rents have been
rising faster than wage rates (Hanumantha Rao (1975), Deepak Lal (1976)).
tial equilibrium analysis has a simple explanation for this.

Par

The regions ex

periencing technical changes were faced with elastic final demand because they
supplied a national market in which other regions were not substantially expand
ing supplies.

The technical change reduced demand for factors~ unit of out

~ ' but the expansion in production was more than enough to offset the initial
reduction and the demand curves for all factors of production shifted to the
right.
Figure 2 shows what happens in these factor markets.

(The graphical

analysis neglects substitutability among factors, but this will be taken up
below.)

A neutral technical change with elastic connnodity demand leads to an

equiproportional outwards shift in the two factor demand curves.
lated into a large increase in the land rent
tic supply.

S

because land

Z

This is trans
is in inelas

If labor is in elastic supply (for example, because of migration)

its wage rises much less, but its total employment increases substantially.
The factor price effects are therefore not determined E.Y_ the technology alone
but E.Y_ the nature of supply in the markets for the factors which it uses.
The technology characteristic

If the technical change

are also important.

is labor-saving (and the output demand elastic), this results in a disproportionately large shift in the land demand such as
demand

D"

L

D~

relative to the labor

and wages rise even less relative to land rents.

In this case total

employment is also lower relative to a neutral technical change.
When final demand is inelastic the increase in demand is not sufficient
to offset the factor savings made possible by the technical change.

Factor

demands shift backwards (equiproportionally for neutral technical change) to
Ill
Dz

• The factor in inelastic supply is now the biggest looser although all
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FIGURE 2:

Gains of Workers versus Gains of Capitalists
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facto rs of produ ction loose from the techn ical chang
e.
Later in the paper we shall see that in certa in circum
stance s, parti al
equil ibrium analy sis may not be suffi cient to fully
analy ze this proble m, es
pecia lly when techn ical chang e occur s in an entir e large
secto r.
In the case of the green revol ution most evide nce sugge
sts that the tech
nical chang e was neutr al but also that lando wners gaine
d dispo rport ional ly re
lativ e to labor . For a review of the empir ical litera
ture, see Mello r (1976)
or Binsw anger and Rutta n (1978 , Chapt er 13).
4)

Distr ibutio nal Conse quenc es Among Regio ns 1

In agric ultur e in partic ular, but also in other indus
tries, techn ical
chang e is often confin ed to certa in regio ns becau se
of enviro nmen tal or econo 
mic locat ion speci ficity . In parti cular the grem revol
ution has large ly been
confin ed to irriga ted zones with good water contr ol.
Parti al equili brium
analy sis of the distri butio nal conse quenc es of this
unequ al regio n acces s is
again straig htfor ward : In Figur e 3, two regio ns suppl
y a natio nal marke t with
an inela stic demand curve D. The suppl y curve of
regio n 1 is s • Prior to
1
the techn ical chang e the total suppl y curve is s +
s
which
is
found by
1
2
addin g the suppl y of regio n 2 to the suppl y of regio
n 1 horiz ontal ly at each
price . In this situa tion produ cer surpl us in regio n
1 is ABP and ABCD in
regio n 2. Now the suppl y curve in regio n 1 stays const
ant but regio n 2 exper i
ences a techn ical chang e which shift s the overa ll suppl
y curve to s + s
1
. Outpu t in regio n 1 is reduce d from Q to Q and
produ cer surpl us is reduc ed
1
to AB'P'
The regio n 1 exper ience s a real loss from the techn ical
chang e
in regio n 2. The latte r, despi te inela stic comm odity
demand incre ases its out
put by (Qi +Q
(Q +Q ) along the final demand curve , and, at the
expen se
2
1
of the regio n 2,by Q - Qi. As long as the combi ned
elast icity of the final
1
demand curve and of the suppl y curve of regio n 1 excee
ds unity (with appro priate
signs ), the produ cer surpl us in regio n 2 incre ases.
After the techn ical chang e
it is the area AB'C' D' .

2

2.

2) -

We alread y know how the gains in regio n 1 will be distri
buted among land
owner s and worke rs. In the losing regio n the large st
share of the losse s will
1

This sectio n follow s close ly a paper by Evens on (1976
).
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FIGURE 3:

The Distributional Impact of Technical Change Among Regions
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be borne by the factor s in most inelas tic supply , or in other
words, by the im
mobile factor s of produ ction. Land prices will declin e more
than wage rates
becaus e some labor will migra te to the gainin g region (and.c
ontain the rise in the
wage rate there) . Note that this model accord s well with
what is known about
region al wage rate change s in India since 1965.
Partia l equili brium analys is, as outlin ed above, seems to have
an abilit y
to explai n observ ed income distri bution change s fairly well.
The next sectio n
discus ses the Evenso n-Welc h partia l equili brium model which
integr ates the dis
tribut ional proble ms 2, 3 and 4 into single framew ork and makes
it possib le to
consid er distri butio nal impact s of techni cal change s when
the demand curve for
final outpu t and the factor supply curves are shifti ng simult
aneou sly. A simple
genera l equili brium model is consid ered next. Unfor tunate
ly this genera l equi
librium extens ion leads to a consid erable loss in simpl icity
and clarit y of
the pictur e just sketch ed. The conclu ding sectio n will be
devote d to a discus 
sion of the condi tions under which it makes sense to shift
to the genera l equi
libriu m approa ch.
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THE EVENSON-WELCH MODEL
The distributional model presented here has initially been developed
by Robert E. Evenson and Finis Welch.

It has been further refined by Evenson

(1978) who extended it to take into account the problems of technology access
restricted to certain regions of a country.
based on a production function.

These versions of the model were

Binswanger then reformulated the model in

terms of cost functions which makes it consistent with estimation techniques
derived from profit or cost functions and allows straightforward extension of
the model to more than two factors or more than one sector.

The two-factor

version of the model will be presented here in its cost function form.
The predominant approach to analyzing biased technical change has been
to restrict it to factor au·gmenting technical change.

Here, however, we start

from a cost function dual to a linear homogeneous production process with tech
nical change of an arbitrary nature.
C
where

C

y

u

w,

R
t

=
=
=
=
=

= Y•U = Y•U(W,R,t)

(1)

total cost,
output level,
unit cost,
wage rate and capital rental rate, respectively,
technology index or time.

Shepherd's lennna gives the factor demand curves per unit of output.
au
1
£ = g (W,R,t)
aw =
(2)

au
= k
aR
where

£ =

k

=g

2

(W,R, t)

L/Y = labor input per unit of output,

= K/Y

= capital input per unit of output.

Differentiate totally as follows:
(3)
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and transf orm into logar ithmi c chang es or time rates
of chang e (i.e. ,
X' = (1/X) •(ax/a t) = (a log X)/a t) we find rates of
chang es for labor and
capit al

(4)

K' = Y' + n

KL

W' + n R' - A'
KK
K

where

Facto ral rates of techn ical chang e.

The facto ral rates of techn ical chang e are the negat
ive shift s of the labor
and capit al demand curve s respe ctive ly. They are defin
ed negat ively so that
a techn ical advan ce corres ponds to posit ive A{ and
~.
Since unit costs

T'

+ kR and since the rate of techn ical chang e
is equal to the negat ive rate of unit cost reduc tion
-U' , it follow s
U = tW

that
TI

where

sL

= -u

I

IW, R

= s

A_'

L-""L

+ s K-K
__A_'_

(5)

=

share of labor and sK = share of capit al. This shows
that the
rate of techn ical chang e is the share weigh ted sum of
the facto ral rates of
techn ical chang e.
The bias of techn ical chang e is defin ed as

I
LK W R

Q

'

= d(L/K )

dt

1
(L/K)

>
<

0

}Lab or savin g
Neutr al
Capit al savin g

(6)

Hence the. bias is simpl y the differ ence in the facto
ral rates of techn ical chang e
or the diffe rence in the shift s of the per unit facto
r demand curve s cause d by
the techn ical chang e. 1 Facto ral rates of techn ical
chang e can be estim ated
1

This is one versio n of Hicks biase d techn ical chang
e. For its relati on to
other defin ition s in terms of margi nal produ cts, see
Binsw anger and Rutta n
(1978 ), Appen dix to Chapt er 2.
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empirically using frameworks such as those of Binswanger (1974a).
Empirical approaches to measuring the factoral rates of technical change
and/or factor demand elasticities will require the specification of a functional
form of the cost function and the factor demand curves.

Diewert's (1971) Gen

eralized Leontief cost function is particularly convenient for estimating fac
toral rates of technical change. All models which follow will be in terms of
elasticities only and not in terms of parameters of the Generalized Leontief
function.

Transforming back to this particular econometric parameterizatio n
is straightforward . It should, however, be noted that factoral rates of tech
nical change, which are simply shifts in factor demand curves, are consistent
with any kind of functional form one might choose. The Generalized Leontief
function is just a particularly convenient one among many.
The Evenson-Welch model can be written as a six equation model in cost
function form. Instead of Evenson's marginal product relationships, the first
two equations are now the labor demand and capital demarid curves (4). The third
equation is the equation for the change in the commodity price P
which states
1
that the rate of commodity price change must be equal to the share weighted
sum of factor price changes, less the rate of technical change.

P'
1

= U' = s LW' + s KR'

T'
(7)

Finally we have the output demand and the two factor supply equations which
can be written in dynamic form as

where

a

Y'

= aP'1 +

L'

=

D*

(8)

£ W' + L*
.L

(9)

K' = £ R' + K*
K

(10)

is the demand elasticity for final output, .£

1
supply elasticities of labor and capital respectively, and
K* are final demand and input supply shifters.

and£ K are the

Equations (8), (9), and (10) can be used to eliminate

K'

D* '

L* '

L'
'
from equations (4) and (7) to give the following matrix equations:
Y'

and

and
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-1

W'

TlLL - e:L

nLK

a

T)Kl.,

TlKK - e:K

a

A-i_, - D* + K*

SL

SK

-1

T'

=

R'

P'

1

A-i_, - D* +L*
(11)

.
. in
. (15) 1.· s 1
The inverse
o f t h e matrix
+

+

E +s cr- s a
K L
K
1
!::.

SK ( cr+a)

+

+

sL(cr+a)

E:L + sKo - s a
1

+

+

SL (cr + EK)

sK(cr + EL)

(12)

is less
than zero while all other parameter s and shares are positive.
each of the elements is given above them.

The signs of

With a few further manipulat ions one can get Evenson's expressio n for
the decompos ition of the absolute wage rate changes.

(13)

Similar equations can be read off the inverse (12) for
Note that the expressio n for

W'

R'

and

Pi .

is independe nt of the supply of elas

ticity of labor.

However, what happens to labor income is not independe nt of
its own supply elasticit y. If ~ is equal to the wage rate multiplie d by
employmen t in the sector, then
L' = ~W' + L*

~ =

WL.

Therefore ,

Ij nij

=

0

TlLK - nKK

=

W' + L' . Since
the change in labor income(in the absence of labor supply
~ =

shifts) is
1 Th" d .
.
.
i s er1.vat1.on
uses t h ere1 ations
two factor case,

nKI., - nLL = cr

n .. = s. cr ..
l.J

cr

J l.J

and, in the

14

(14)
Express ion (14) simply means that the change in labor income is a multiple of
the change in the wage rate, the multiple being the larger, the larger the
elastic ity of supply of labor and the shift in the labor supply curve. In
situatio ns where labor gains the gains will be larger, the larger the supply
elastic ity of labor. Convers ely, any losses will also be larger, the larger
is
Equation (14) measure s the income change in terms of nonagri cultural
commod ities. Suppose, however, that we are interest ed in real income changes
for individu als whose total expendi tures are spent
agricul tural goods in the proporti on
JJ1 and J-12
then deflate their income by a price deflator
p =
is equal to zero this will reduce to P' = J.J P'
1 1
as ~/P, its change can be computed as follows:

.

on agricul tural and nonrespecti vely.

We should

.

1
Since P'
J.\Pi + JJ2P2
2
If we denote real income

(15)

The equation for

P'

can be read from the matrix equation above in the same
1
manner as the equation for W' .
The change in relative factor prices due to technica l change alone can
be evaluate d from the followin g expressi on:

(16)
For each factor the model can therefor e be solved for the change in the
nominal factor price, in total nominal factor income, in real income and in
relative factor prices:
The equilibr ium price of a factor in this model is affected as follows
accordin g ~o equation s (13) and (16):
1.

1

The sign of the pure effect of neutral technica l change on the de
mand for,and the equilibr ium price of each factor depends on whether

Such a price deflator can be computed separate ly for differen t income groups
with weights dependin g on their consump tion mix. This is another solution to
the problem of computin g the benefits from technica l change to an agricult ural
produce r who is also a consume r of the commod ity,addre ssed by Hayami and Herdt
(1976).
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aggre gate demand is inela stic or not. If aggre gate
demand is in
elast ic the impac t of techn ical chang e is to reduc e
the demand for
each facto r.
2.

The effec t of a posit ive shift in aggre gate demand is
to incre ase
the demand for both facto rs.

3.

A posit ive shift in the suppl y funct ion of labor
(capi tal) will lower

4.

5.

6.

7.

the equili brium price of labor (capi tal).
A posit ive shift in the suppl y funct ion of capit
al (throu gh a World
Bank subsid y progra m for examp le) will affec t the labor
marke t ac
cordin g to wheth er the elast icity of subst itutio n (o)
excee ds the
aggre gate demand elast icity (a) or not. If o > I
a: I the impac t
will be to reduc e the demand for labor .
For any set of feasi ble param eter value s, labor -savin
g techn ical
chang e alway s tends to reduc e the wage rate in terms
of goods of
the other secto r (and emplo yment ) when compa red with
an equal neu
tral rate of techn ical chang e.
The relati ve posit ion of labor as again st capita l--wh
en both gain
or both lose absol utely from techn ical chang e--dep ends
on the elas
ticity of supply of the two facto rs. In situa tions
of absol ute gain
for both facto rs, the facto r in relati vely inela stic
suppl y will
gain relati ve to the facto r in elast ic suppl y. Conv
ersely , in situ
ation s of absol ute loss due to techn ical chang e (inel
astic demand
for outpu t) the inela stic facto r will be the large r
loser .
A large elast icity of subst itutio n betwe en facto
rs acts as a buffe r
betwe en them by reduc ing discr epanc ies in their relat
ive price move
ments . (Beca use the absol ute value of the determ inant
in (14) rises
as a rises .)

These are the comp arativ e static effec ts of singl e chang
e in exoge nous
varia bles. Howev er, the bigge st advan tage of the equat
ions (13) to (16) is
that they allow the simul taneo us consi derat ion of chang
es in all exoge nous var
iable s, the rates of techn ical chang e as well as shift
s in outpu t demand due
to popul ation growt h and the concu rrent shift in labor
suppl y or in capit al
suppl y, once one knows the relev ant elast icitie s.
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GENERAL EQUILIBRIUM MODELS
In moving to general equilibrium models, the forces which influence the
distributio nal outcome change. Findlay and Grubert (1959) investigated the
standard open economy model with two cormnodities and two factors (with infinitely
elastic commodity demand). They found that, if neutral technical change occurs
in one sector alone, the factor being used intensively in that sector will gain
absolutely while the other factor will lose absolutely. This is because, given
fixed factor endowments, a sector can obtain additional factors only~ with
drawing them from the other sector. Technical change in, say, the labor inten
sive sector, shifts comparative advantage in its favor, and it expands by more
than the additional output which could be produced by the factors saved through
the technical change.

But in releasing labor, the capital intensive sector
has to release disproporti onately large amounts of capital, which the labor
intensive sector only needs in small quantities. _In the aggregate the labor
markets gets tighter while the capital market suffers from excess supply, push
ing down the capital rental rates.

Note that the conclusion that one factor

loses absolutely while. the other gains is totally contradicto ry to the partial
equilibrium prediction which says that both factors either gain or lose to
gether, with relative gains depending on factor supply elasticitie s.
However, general equilibrium trade theory does not lead us much farther:
Kemp (1975) shows that when the open economy model is extended to many factors
and many products, technical change in one sector will make at least one factor
better off while making at least another one worse off. But we cannot say
which factor gains and which one loses. Furthermore , in cases when internation al
demand is not infinitely elastic and technical change is not neutral, trade
theory cannot offer any guidance as to possible distributio nal consequence s
at all.
We nevertheles s have to come to grips with the distribution al problems
of technical change and to understand why, and in which cases, partial and
general equilibrium answers will differ.

This can only be done by building

general equilibrium models for which parameter values can be estimated empiric
ally. The inability of trade theory to provide answers stems from the fact
that it has been couched in generalized terms with no attempt to incorporate
an empirical content which enables answers to be given under specific situations.
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A SIMPLE TWO SECTOR MODEL
With Evenson's one sector model much insight can be gained if for one
sector we know the nature of technical change, the demand conditions for its
output and the supply conditions of its factors.

One can also extend the model

to consider consequences of technical changes in certain sectors or regions
on other sectors if one knows the consequences of these technical changes for
output demand and factor supply curves of the latter sectors.

However, the

model neglects general equilibrium effects such as the effect of technical
change in one sector on the demand for output (and hence inputs) of other
sectors via price and income effects.

Similarly, any effects of a sectoral

technical change on investment demand is neglected.

It is impossible to evalu

ate these general equilibrium consequences without explicitly building a gen
eral equilibrium model.

Neglecting general equilibrium implications is unim

portant if a sector or region is very small, but may become unsatisfactory
when we consider large sectors.
It is straightforward to extend the Evenson model using the cost func
tion formulation.

For extension to many factors we simply add the correspond

ing factor demand curves and for extending to more sectors we add the factor
demand curves of the additional sectors.

When the economy is open and the

country (or region) is small, commodity prices are given from the outside.
The addition of full employment and factor mobility conditions is thus suffi
cient to close the model.

When the economy is closed or a substantial partner

in international transactions of certain of its commodities, the demand side
needs to be modeled explicitly.
For illustration purposes I will convert the two sector model of Yamaguchi
and Binswanger (1975, YB model) into the cost function notation with biased
technical change.

Before that model is used empirically, however, I would

rather like to extend it considerably farther along the lines suggested in
the last section.

However, we have parameter values from Japan for the YB

model so it is convenient to use it for illustrative purposes.
The YB model contains a production function for agriculture (sector 1)
and nonagriculture (sector 2).

The agricultural production function contains

land, labor, and capital while nonagricultural output is a function of capital
and labor only.

Rates of return to capital are assumed equal in both sectors,
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but agricultural wage rates are taken to be lower than those in nonagriculture:
migration will only occur if the nonagricultural wage exceeds the agricultural
one by a certain fraction

t

}
Note that

w1 =

t' +

w2 .

(17)

As long as the market distortion is constant, the

rate of increase of agriculture's wage rates is equal to that of nonagriculture.
Or if the rate of change of the distortion is known, the two wage rate changes
are related in a one-to-one fashion.

Hence we need not always keep track of

both wage rates.
Land supply is exogenous, i.e.

Z'
where

Z*

=

Z*

(18)

is the exogenous rate of growth of land.

growat the exogenous rates

K*

and

L* .

Capital and labor

For the small country case this

leads to the following model in terms of rates of change:

1

1 '
1 R'
1
L' = Y1I + 17 LLW
+ T1 LK
+ n LZ S'
1

I

Z* = y,1 + Tl 1ZL W, + Tl 1ZKR , + Tl 1ZZ S ,

I

2

2
2
= Y'2 + Tl LL
W' + Tl R'
LK

B'

2
W'
KL

B'
K

K' =Y' +n

2

B'

K

I

1 w' + Tl KK
1 R ' + Tl KZ
1 s ' - -"1<.
K1' = y 1' + Tl KL
A_'_ + Tl 1KL t

L'

where

+ TlLL t

and

2

B{

cultural sector and

+n 2 R'
KK

L

A Zl

+

1

Tl ZL t

(19)

are the factoral rates of technical change in the nonagriS

is the land rent.

The model is given in matrix notation

.in Table 1 where the open economy model is the enclosed upper left 9 x 9 matrix

TABLE 1.

THE OPEN AND THE CLOSED VERSION OF THE SIMPLE TWO SECTOR MODEL

-------------------------------------------------~-------------------- ----------,-----------------------L'
K'
Y'
L'
K'
Y'
W'
R'
S'
P'
P'
M'
End08 enous
1
Exogeno us Variable
1
1
2
2
2
1
2
Variable
------------------------------------------------- -------------------- ---------- ------------------------

t

-1

0

1

0

0

0

si -

0

-1

1

0

0

0

SL

0

0

1

0

0

0

SL

0
0

0
0

0
0

-1
0

0
-1

1

1

1

1

2

-SK
2

s~

s~

s 1 -1
K
1

SK
2

SK

2

0

0

0

Li

Ai - (si - 1) t'

sz

0

0

0

~

1
A 1 -s t
2
L

s 1z -1

0

0

0

Y'1

A' +Z* - s·'t'

0

0

0

0

L'

2

B'
1

1

3

1

L

1

SL

-SL

0

0

0

0

K'

2

B'
2

0

0

0

0

0

0

0

0

Y'2

L*

0

0

0

0

0

W'

K*

Sz

-1

0

0

R'

s

SL2B'L + SK2B'K

\

0

0

½

0

l.:1

0

0

l.:2

0

0

0

0

0

0

0

0

SL

0

0

0

0

0

0

SL

SK

0

0

-1

0

sI

0

0

1

0

0

0

0

0

0

-all

-a12

-alM

P'
1

I

N* +D*
1

0

0

0

0

0

1

0

0

0

-a21

-a22

-a2M

P'
2

I

N* +D*
2

0

0

1-\

0

0

Vz

0

0

0

0

0

0

M'

I

N*

=

1

2

1

SK
2

1

1
1
1
1
LA{ + si<A'K + s ZA'Z + s Lt'

....
\.0

20

with the correspondin g variables in the two column vectors.
For the closed economy equivalent we have to add a final demand struc
ture as follows:

Y.

(20)

l.

where N is population and Gi is the per capita demand function for the
th
i
good which depends on the prices and per capita national product M.
In terms of rates of changes this demand structure can be written as

(21)

where

a ..
l.J

are the price elasticitie s and

Per capita product is defined as follows:

aiM
M=

change of real per capita product is:

.
. . .
1
are t h e income
e 1 ast1.c1.t1.es.

Y +P Y )/N .
1 1
2 2

(P

The rate of

(22)

where

are the income weights of commodity 1 and 2, which in the closed
economy case are equal to expenditure weights.
Instead of using either of the goods as a numeraire equations (21) and
i.e. the change in the GNP deflater is set
Thus all goods and factor price changes will be in real terms.

to zero.

Note that in this model capital formation is exogenous, a simplificat ion
which should be dispensed in further application s. The general equilibrium
eeffects considered are thus only those which operate via the demand structure
and the input constraints of the economy as a whole.

1

The following constraints must be imposed on these elasticitie s to make them
consistent with consumer demand theory:
==

where JJ.

-Ij

a ..
l.J

l.

l.

JJ.a.M
=1
l. 11

are the shares of commodities

(21)
in

expenditure s.

This does not
make the equations (21) and (22) singular because (22) relates to real income
changes, i.e., the term y Pi + JJ P
has already been set equal to zero.
1
2
l.

2
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The close d economy mode l is summ arized as the full
matri x equa tion in
Table 1. The close d and open form of the mode l
have disti nct advan tages over
the origi nal YB mode l:
1.
2.
3.

The mode l expl icitly deriv es real facto r rewar ds,
inclu ding land
rents , thus allow ing a much riche r distr ibuti onal
analy sis. 1
Tech nical chang e can be biase d as well as neut ral.
The mode l can be param eteriz ed for any kind of
twice diffe renti al
func tiona l form of a cost funct ion (and hence of
a produ ction func
tion) since facto r demand curve s can alway s be
deriv ed from such
a cost f uncti.on. 2

4.

1

More secto rs can be added witho ut distu rbing the
basic frame work
of the mode l.

In this exam ple the price defla tors used are natio
nal incom e defla tors. If
one is inter ested in parti cular incom e group s with
diffe rent defla tors, their
real incom e chang es can be comp uted from data on
the share s of incom e accru ing
to them from diffe rent facto r servi ces and from
their consu mptio n weig hts.
2
In a produ ction funct ion appro ach only very simp
le funct ional forms will lead
to close d form solut ions for facto r demand curve
s. There fore the YB mode l
has only been param eteriz ed for Cobb -Doug las and
CES funct ions, which are
both quite restr ictiv e. It would also be fairl
y straig htfor ward to write a
simil ar mode l for prof it funct ions if the econo
metri c spec ifica tion of the
corre spon ding facto r demand and outpu t supp ly curve
s were to demand this.
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GROWTH RATE MULTIPLIERS FOR SELECTED PARAMETER VALUES
The parameter values used in the following pages are taken from Yama
guchi and Binswanger (1975) and are given in Table 2.

The demand function

parameters are based on estimates of agricultural demand elasticities reported
by Kaneda (1968).

The corresponding nonagricultural demand elasticities are

derived by imposing the usual homogeneity constraint on output demand functions
and are consistent with utility maximizing behavior.

The income and output

shares of the different sectors come from national income statistics as re
ported in the LTES (1966) studies.
Finally, the factor demand elasticities in the two sectors are derived
by assuming that both cost functions (and hence production functions) are Cobb
Douglas and that the output elasticities correspond to expenditure shares of
the factors.
Before commenting on the results I would like to introduce a major quali
fication of the data and hence of the results.

The data used imply a much

larger productivity of resources in the nonagricultural sector than the agri
cultural one.

In 1880 agriculture produced 47 percent of national income but

apparently used 75 percent of the labor force and 63 percent of the reproduc
ible capital stock and the total amount of agricultural land.

This implies

that resources in this sector are only about half as productive as in the
nonagricultural sector.

In the appendix this problem is discussed.

I have

serious doubts about the correctness of the productivity picture implied in
these figures (see also Nakamura (1966)).

The productivity differential im

plies that any shift of resources from agriculture to the nonagricultural
sector will drastically increase national product whereas shifts in the other
direction will reduce it. Hence technical changes or endowment changes which
result in relative expansion of the agricultural sector will result in less
growth than otherwise similar changes which result in transfer of resources
to the nonagricultural one.

Some of the conclusions reported below are the

result of the productivity differential and must be taken with caution.
Tables 3 to 5 represent growth rate multipliers for various years and
various forms of technical change.

These growth rate multipliers show how

much the rate of change of the endogenous variables would change after an in
crease in the sectoral or overall rate of technical change.

For example the

entry of the first line and 5th column of Table 3 indicate that wage rates
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TABLE 2.

PARAMETER VALUES FOR STRUCTURAL PARAMETERS

Description of the Parameters

Notation
Used

1880

Year
1930

1960

.35

.45

Income Elasticity of Agricultural Demand

-.4

Income Elasticity of Nonagricultural Demand

1.53

1.15

1.08

Price Elasticities of Demand

-.6

-.6

-.6

.25

.15

-.35

-.09

-.06

-1.18

-1.06

-1.02

• 58

.61

. 57

.12

.12

.13

•7

•7

•75

.3

.3

.25

Share of Income Produced by Agriculture

.47

.19

.13

Share of Income Produced by Nonagriculture

.53

.81

.87

Proportion of Labor in Agriculture

• 75

.47

.3

Proportion of Capital in Agriculture

.63

.16

.08

•2

a22
1

Labor's Share in Agricultural Output

SL

Capital's Share in Agricultural Output

SK

Labor's Share in Nonagricultural Output

SL

Capital's Share in Nonagricultural Output

SK

Source:

Yamaguchi and Binswanger (1975).

1

2

2

TABLE 3.

GROWTI-l RATE MULTIPLIERS FOR TECHNICAL CHANGES OCCUR
RING IN DIFFERENT SECTORS
AND WITH DIFFERENT FACTOR SAVING CHARACTERISTICS
(1880 )

---------------------------------------------------------------------------------------------------------Agri
Agri
Agri Nona gri
Agri- Nona griPer
cultu ral cultu ral cultu ral cultu ral Wage Capi
tal Land cultu ral cultu ral Capi ta
Labo r
Capi tal Outp ut
Outpu t Rates Rent
Rent
Price
Price Produ ct
L'
K'
Y'
Y'
s
W'
I
R'
1
P'
1
P'
1
M'
2
1
2

---------------------------------------------------------------------------------------------------------SMALL COUNTRY CASE

1. Neut ral Secto r 1
2. Neut ral Secto r 2
3. Neut ral both Secto rs

4. Labo r Savin gs Secto r 1
5. Labo r Savin gs Secto r 2
6. Lahor Savin gs both
Secto rs

1. Neut ral Secto r 1
2. Neut ral Secto r 2

2.59

3.83

2.96

-7.39

0.37

-0.87

2.96

-2.59

-3.83

-1.96

8.39

0.63

1.87

-1.96

1

1

1

1

0

0

1

1.75

3.23

2.41

-5.34

-0.07

0.17

3.41

-2.34

-3.99

-1.84

7.96

0.50

2.16

-1.84

-0.59

-0. 76

0.57

2.62

0.43

2.33

1.57

CLOSED ECONOMY CASE
0.83
0.48
0.62

0.19

-0.59

0.52

0.80

-0.29

-0.43

0.78

-0.14

-0.21

-0.11

1.41

0.54

0.61

0.39

0.50

-0.44

0.70

-0.43

-0.64

0.67

2.24

1.02

1.23

0.58

-0.09

0.08

1. 50

3. Neut ral both Secto rs
4. Labo r Savin gs Secto r 1
5. Labo r Savin gs Secto r 2

-0.48

-0.07

o. 71

1.04

0.01

1.33

1.25

-0.46

0.40

0.89

-0.04

-0.59

-0.09

1.38

0.42

0.96

0.38

6. Labo r Savin gs both
Secto rs

0.47

-0.41

0.69

-0.52

-0.66

0.62
2.42
0.43
2.29
1.63
o. 01
-0.01
1. 58
----------------------------------------------------------------------------·---------------------------NOTE: Secto r 1 = Agri cultu re; Secto r 2 = Nona
gricu
lture .
Each figur e repre sents the chang e in the rate of
grow th of the varia ble liste d on top of the table
due to a one perce nt incre ase in the rate of techn
ical chang e eithe r in Secto r 1, Secto r 2 or both
Secto rs.

N

.t:-

TABLE 4.

GROWTH RATE MULTIPLIERS FOR TECHNICAL CHANGES OCCURRING IN DIFFERENT SECTORS
AND WITH DIFFERENT FACTOR SAVING CHARACTERISTICS (1930)
Agri
Agri
Agri
Agri
AgriAgriPer
cultural cultural cultural cultural Wage Capital Land cultural cultural Capita
Labor
Capital Output
Output Rates Rent
Rent
Price
Price Product
L'
K'
Y'
Y'
W'
R'
S'
P'
P'
M'
1
1
2
1
1
2
SMALL COUNTRY CASE

1. Neutral Sector 1

2.66

4.22

3.13

-1.89

0.47

-1.09

3.13

2. Neutral Sector 2

-2.66

-4.22

-2.13

2.89

0.53

2.09

-2.13

1

1

1

3. Neutral both Sectors

0

0

1

4. Labor Savings Sector 1

1.61

3.93

2.45

-1. 22

0.20

-0.48

3.45

5. Labor Savings Sector 2

-2.09

-4. 51

-1.81

2.55

0.27

2.69

-1.81

6. Labor Savings both
Sectors

-0.48

-0.58

0.64

1.33

0.47

2.21

1.64

1

CLOSED ECONOMY CASE
1. Neutral Sector 1

-0.35

-0.55

0.72

0.25

0.15

0.35

2. Neutral Sector 2

-0.22

-0.34

-0.17

1.15

0.79

0.92

0.57

3. Neutral both Sectors

-0.57

-0.89

0.55

1.40

0.94

1. 27

4. Labor Savings Sector 1

-0.68

0.29

0.62

0.41

-0.04

5. Labor Savings Sector 2

0.02

-1.17

-0.13

1.06

-0.66

-0.88

0.49

1.47

6. Labor Savings both
Sectors

-0.20 · -0.92

0.21

0.34

0.74

-0.17

0.90

0.37

-0.18

0.04

1.24

0.62

0.92

-0. 70

0.16

0.45

0.49

1.68

0.51

0.64

-0.15

0.83

0.45

2.3"0

1.43

-0.06

0,01

1. 28

----------------------------------------------------------------------------------------------------------NOTE:

Sector 1 = Agriculture; Sector 2 = Nonagriculture.
Each figure represents the change in the rate of growth of the variable listed on top of the table
due to a one percent increase in the rate of technical change either in Sector 1, Sector 2 or both
Sectors.

N
V,

TABLE 5.

GROWTH RATE MULTIPLIERS FOR TECHNICAL CHANGES OCCURRING IN DIFFERENT SECTORS
AND WITH DIFFERENT FACTOR SAVING CHARACTERISTICS (1960)
Agri
Agri
Agri
AgriAgriAgriPer
cultura l cultura l cultura l cultura l Wage Capital Land cultura l cultura
l Capita
Labor
Capital
Output
Output Rates
Rent
Rent
Price
Price
Product
L'
K'
Y'
Y'
W'
R'
S'
P'
P'
M'
1
1
1
2
1
2

-------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------SMALL COUNTRY CASE

1. Neutral Sector 1

2.96

3.89

3.19

-1.04

0.23

-0.7

3.19

2. Neutral Sector 2

-2.96

-3.89

-2.19

2.04

0.77

1.7

-2.19

1

1

1

3. Neutral both Sectors

0

0

1

4. Labor Savings Sector 1

1.45

3.52

2.29

-0.54

-0.08

-0.24

3.28

5. Labor Savings Sector 2

-2.52

-4.54

-2.03

1. 91

0.49

2.51

-2.03

6. Labor Savings both
Sectors

-1.07

-1.02

0.26

1.37

0.41

2.27

1.25

w------ ----

1

CLOSED ECONOMY CASE
1. Neutral Sector 1

-0.39

-0.52

o. 71

0.14

0.12

0.24

-0.28

-0.98

0.15

0.21

. 2. Neutral Sector 2

-0.15

-0.19

-0.11

1.05

0.86

0.91

0.72

0.82

-0.12

0.90

3. Neutral both Sectors

-0.54

-0. 71

0.60

1.19

0.98

1.15

0.44

-0.16

0.03

1.11

4. Labor Savings Sector 1

-0.87

0.47

0.56

0.27

0

0.41

0.88

-0.68

0.10

0.31

5. Labor Savings Sector 2

0.09

-1.ll

-0.09

0.99

0.58

1.78

0.67

0.77

-0.12

0.85

-0.78

-0. 64

0.47

1. 26

0.58

2.19

6. Labor Savings both
Sector~

1.55
0.09
-0.02
1.16
---------------------------------------------------------------------------------------------------\
NOTE: Sector 1 =
Agricul ture; Sector 2 = Nonagri culture.
Each figure represen ts the change in the rate of growth of the variable listed
on top of the table
due to a one percent increase in the rate of technica l change either in Sector
1, Sector 2 or both
Sectors .

N

°'
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would grow at a faster rate by an additi onal 0.37 percen tage
points if the
rate of neutra l techni cal change in agricu lture increa sed by
one percen tage point.
The first three rows repres ent neutra l techni cal change s.
Rows 4 to 6
corres pond to labor- saving techni cal change s in which only
the labor demand
curve shifts wherea s capita l and land demand per unit of output
remain unchan ged. 1
The total rate of techni cal change remain s at one percen t,
which implie s that
the labor rate of techni cal change must exceed one percen t. 2
Neutra l Techn ical Change
The neutra l techni cal change case is the basic refere nce case
and is
discus sed first. The small countr y case (first panel of Tables
3 to 5) is
the one which has receiv ed the most theore tical treatm ent
in the trade liter
ature. In the two-by -two model custom arily employ ed by trade
theori sts tech
nical change in one sector result s in an absolu te increa se
in the factor reward
of the factor employ ed intens ively in that sector . The reward
of the factor
used intens ively in the other sector decrea ses absolu tely.
Howev er, when more
than two goods or two factor s are involv ed one can no longer
say which factor
will gain or lose after a techni cal change withou t specif ying
param eter values
of the produ ction proces ses. 3
Despi te theore tical ambig uities it is quite clear that for
the param eter
values of Table 2 techni cal change in agricu lture leads to
the greate st gain
for land, a modes t gain for labor and a loss for capita l.
Conve rsely land,
the factor not used in the nonag ricultu ral sector , loses substa
ntially when
techni cal change occurs in the nonag ricultu ral sector and
capita l, which is
intens ively used there, gains most. Labor again gains modes
tly and its gain
is about equal for techni cal change s in both sector s. All
this is quite in
accord ance with an intuit ive extens ion of the well known 2
x 2 result . Note
furthe r that techni cal change s induce large shifts in the
commo dity mixes and
in the uses of mobile factor s in the two sector s. 4

1

This is the orthog onal labor- saving case discus sed in Chapte
r 4 and 5 of
Binswa nger and Ruttan (1978) .
2

3

The labor rate of techni cal change must be

A'=

1

l/s1L

or

see Kemp (1975) . Trade theory has little to offer for the
biased techni cal
change case or for cases of less than perfec tly elasti c commo
dity demand .
4

Note that the shifts in commo dity mixes are so large that
per capita income
actual ly declin es with agricu ltural techni cal change .
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In comparison to the one sector model discussed previously one major
difference emerges: Even with infinitely elastic demand for all commodities,
neutral technical change in one sector can inflict absolute losses on one of
the factors of production. This is not possible in the one sector model.
The loss arises as follows: the shift in the commodity mix towards one sector
increases all factor demands there but leads to a more than offsetting reduc
tion in the factor demand in the other sector for all those factors which are
not used intensively in the sectors where the technical change occurs. Since
in developing countries agriculture is generally labor intensive relative to
the other sectors of the economy we can, therefore, expect that rapid and
neutral agricultural technical changes will usually not result in absolute
losses for labor in small country cases. However, in such cases land owners
will be the major gainers, and that is a conclusion which is fairly robust
over different models.
In the closed economy case the situation of
drastically changed.

Land now can

nonagricultural sector.

losers and gainers is

gain when technical change occurs in the

Since final demand for agricultural commodities is

price inelastic, we would expect all factors of production employed in agri
culture to lose when agricultural technical change occurs. However, this
is prevented via two general equilibrium loops:
First, the technical change in agriculture implies an income gain for
the economy as a whole. This leads to an increase in the demand for both
agricultural and nonagricultura l commodities and hence to an increase in factor
demand in both sectors. Second, agricultural technical change leads to a
transfer of resources to the nonagricultural sector because of that sector's
higher income and price elasticities. As discussed before, this also leads
to an income gain due to the higher resource productivity in the nonagricul
tural sector and the income increase further stimulates demand for both commo
dities. This leads to an expanded demand for most factors of production.
In the partial equilibrium model the saving in factors of production
made possible by the agricultural technical change cannot be offset by the
increase in agricultural demand which occurs due to the relative price drop
of agricultural commodities. However, the general equilibrium model implies
that, if the demand for agricultural commodities is price and income inelastic,
the demand for all other commodities must be elastic. The positive income
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elasticity of agricultural connnodities will tend to increase the agricultural.
demand beyond what it would have been if only partial equilibrium price effects
were present.

Furthermore, the income effect due to the technical change will

stimulate an increase in the demand for nonagricultural commodities, which further
helps to offset possible negative factor demand effects in agriculture.

The

high income elasticities of demand in other sectors to some extent offsets
the low

price elasticity of demand in agriculture.

This is not to say that

neutral technical change in agriculture could never lead to declines in incomes
of mobile factors.

Due to the positive resource transfer effects in this model

the income effects of technical change are very large which,to some extent,
may explain the absence of losses for owners of mobile factors.
Note also that, as the size of the agricultural sector declines over
time, the effect of agricultural technical change on factor incomes declines
as well as the effect on total income.

This is simply caused by the fact that

the technical change applies to a smaller and smaller sector of the economy.
In relative terms also the loss position of factors changes as compared
to the small country case.

The differentials in gains of different factors

are not large, the only case with relatively large differences occur with land.
Of course connnodity mix shifts are much more moderate than in the small country
case.

Overall in the closed model all distributional and sectoral effects

seem to be "buffered" compared with what they would be in the small country case
1
or especially the single sector case.
Nonneutral Technical Change
Labor-saving technical change will always worsen the growth rate

E.f.

labor incomes and improve the rewards of capitalists and landlords, compared
to neutral technical change.

This is regardless of the sector in which the

labor-saving technical change occurs and regardless of whether the economy
is open or closed.

For example,in 1880 in the small country case,a one per-

cent neutral rate of technical change in both sectors leads to a one percentgrowth
rate in wage rates.

If this technical change becomes labor-saving, the bene-

fit of labor declines to 0.43 percent.

In the closed economy the implications

of overall labor-saving technical change are practically identical.
1

In both

That the single sector case leads to the largest distributional shifts was
ascertained by numerical experiments with the Evenson model.
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the open and close d economy cases labor savin g
techn ical chang e in 1880 has
more adve rse impl icatio ns for the wage rate if
it occur s in the agric ultur al
secto r, which at that time emplo yed 75 perce nt
of the labor force . In 1960,
howe ver, 70 perce nt of the labor force are emplo
yed in the nona gricu ltura l
secto r. Ther efore , a one perce nt rate of labor
-savi ng techn ical chang e reduc es
wage rates by more if it occur s in the nona gricu
ltura l secto r than the agri
cultu ral one.
There is not much diffe rence betwe en parti al and
gene ral equil ibriu m
analy sis and betwe en the open and close d economy
with respe ct to the facto r
price effec ts of nonn eutra l techn ical chang e.
Any given gain accru ing to a
facto r from neutr al techn ical chang e is subs tanti
ally reduc ed when techn ical
chang e in eithe r secto r tends to save the parti
cular facto r. The only dif
feren ce is that the relat ive losse s and gains under
neutr al techn ical chang e
are more extre me in parti al than in gene ral equil
ibriu m analy ses and more
extre me in the open than the close d econo my.
In a gene ral equil ibriu m world techn ical chang e
leads to less dram atic
impa cts on facto r rewar ds if it occu rs uneq ually
in diffe rent secto rs,la nd
the buffe ring is more effic ient in the close d econo
my than in the small coun
try case. Howe ver, when techn ical chang e affec
ts facto rs uneq ually , the
distr ibuti onal impl icatio ns are not buffe red in
this way. There is thus no
room for takin g labor -savi ng techn ical chang e light
ly. Its distr ibuti onal
conse quenc es can be dram atic. The Evens on mode
l could be inter prete d that
under elast ic demand cond ition s a subsi dy on tract
ors migh t actua lly help
labor becau se it enabl es a very large expan sion
in outpu t. But this inter 
preta tion must be caref ully qual ified . The amou
nt of capit al which has to
be withd rawn from the nona gricu ltura l secto r to
enabl e the tract or inves tmen t
in agric ultur e reduc es outpu t and emplo ymen t in
the nona gricu ltura l secto r.
And that reduc tion affec ts the whole labor mark
et nega tivel y, even if tract ors
contr ibute to emplo ymen t in agric ultur e.
One majo r gene ral equil ibriu m effec t has not been
inclu ded. The rise
in incom e shoul d also incre ase savin gs and inves
tmen t. And chang es in capi tal
renta l rates shoul d also affec t inves tmen t. Build
ing the inves tmen t into the
mode l endog enous ly--m aking it a posit ive funct
ion of incom e M and a nega tive
one of R --wou ld have the follo wing effec ts:
Any techn ical chang e resu lting
in a relat ive incre ase in R will lead to addi
tiona l inves tmen t and hence

1Tech
nical change in a part ial equil ibriu m model
is expl icitl y consi dered , hence it affec ts secto is restr icted to the secto r which
rs uneq ually .
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thus again cushioning the differential impact of the technical change on factor
rewards.

In particular in the case of a labor-saving technical change this

feedback loop will indeed introduce a buffering effect.

Similarly, any technical

change resulting in income gains will increase investment, thus pushing down
capital rental rates and pushing up wage rates.

Hence dependence of investment

on incomes should favor labor over and above its situation when capital forma~
tion is exogenous.

32

CONCLUSIONS
The first two parts of the paper were devoted to partial equilibrium
models of a relatively simple structure and which seem to be quite consistent
with observed trends in income distributio n in India and other Asian develop
ing countries such as the Philippines which accompanied the technical changes
in agriculture .

We then found that general equilibrium models are not only
more complicated but also result in conclusions in terms of the factoral income
distributio n which differ qualitative ly from those of the partial equilibrium
models. In partial equilibrium models all factors in one sector or one region
either gain or all lose,wherea s in the general equilibrium world one factor
will always lose and another one will always gain.
We should, however, be cautious not to discard entirely the partial
equilibrium models because of possible contradictio ns: First, in the regional
context where only some regions experience technical change, it is the partial
equilibrium effects which will dominate within each of them. The impact of
technical change in a limited number of regions on aggregate income and labor
demand will not be sufficient to make the general equilibrium feedback loops
the primary determinant s of the distributio nal outcomes between factors of
production in the gaining regions.
Second, in the illustration of the green revolution, the partial equi
librium model was applied only to land and labor, leaving out capital. In
the two sector open economy models with capital, we concluded that land would
be the primary beneficiary of agricultura l technical change, followed by
labor while capital would lose. This is consistent with the observation s on
the green revolution, as well as with the partial equilibrium predictions .
(Of course, we do not really know what happened to the rate of return on capital nor does the partial equilibrium model include it.) Most Asian developing coun~
tries can probably be treated as open with respect to agriculture , since addi
tional production usually substitutes for imports, so that the open economy
nodel needs to be considered here.
Third, we must note that the basis of the general equilibrium mechanism
for distributio n among factors of production is the assumed fixity of factor
endowments( or their growtij rates and their full employment. Also, easy transfer
among sectors (or regions) of the economy is assumed. Where unemploymen t is
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large and where sectora l and regional labor and capital transfer s require con
siderabl e amounts of time, the partial equilibr ium models will do better in
predicti ng distribu tional outcomes for an interme diate run of say 5 to 10 years.
But there is no doubt that even in economie s with conside rable slack and mar
ket imperfe ctions the general equilibr ium forces of endowme nts which grow at
given rates will tend to dominate distribu tional outcome s in the very long
run.
The question may not be so much of partial versus general equilibr ium
analysis . The choice will depend on the particu lar problem at hand, the size
of the sectors or regions experien cing the technica l change and the final de
mand conditio ns (includi ng trade) of the connnod ities consider ed. If the choice
is for partial equilibr ium models, a full understa nding of the differen ces
which might arise from general equilibr ium models will help avoid mistakes
which could result from total neglect of the latter approach .
Finally, one lesson which comes clearly out of this modellin g exercise
is that one can only learn so much from history. Knowled ge of the distribu 
tional impact of a past technica l change such as the green revoluti on alone
cannot help one predict what would happen if the same kind of technica l change
occurred elsewhe re. The regiona lly regressi ve impact of the green revoluti on
(

stems from its limitati on to the already richer regions . If it had occurred
in the disadvan taged areas, the regional distribu tive impact would, on the
contrary , have been progres sive. The limitati on of the technica l change to
certain areas also account s for the regressi ve impact among factors of produc
tion.

If it had been more widespre ad, landlord s might not have gained as
much because they would have faced inelasti c commodi ty demand. If export mar
kets had prevente d inelasti c commodi ty demand, the effects on labor demand
would have been more vigorou s.

In consider ing future technica l changes one
thus must know the charact eristics of the technolo gy, the charact eristics of
the region where it occurs, and the charact eristics of the factor supply and

output markets.

This is a tall order.
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APPENDIX
PRODUCTIVITY DIFFERENTIAL BETWEEN AGRICULTURE AND NONAGRICULTURE IN JAPAN
We have seen in the text and Table 2 that the published LTES figures
(Okhawa ~ al., 1966) imply that in 1880 Agirculture used 75% of the labor
force and 63% of the capital stock but produced only about 47% of national
income. These figures imply a total factor productivit y in the nonagricult ural
sector which is about two to three times the one in agriculture .
ficult to believe-The re may be serious errors in the LTES data.

This is dif

In my Ph.D thesis (1973) I have added up the total value of output and
the total value of inputs in 1936 prices of the agricultura l sector of Japan
according to LTES statistics. Inputs include primary inputs plus inputs pur
chased from the nonagricult ural sector.

Two expenditure and output series

were constructed , one in which intermediat e agricultura l inputs were included
in both the total input value and the output value series and one in which
they were excluded.
The LTES agricultura l output statistics were criticized by Nakamura
(1966) who maintains that agricultura l output at the beginning of Meiji Japan
was much larger than that given in LTES. However, he believed that by 1920
the agricultura l output statistics of LTES are correct. I thus took Nakamura's
estimate of agricultura l production and spliced it backwards into the real
agricultura l output series of LTES starting from the average of 1919 to 1921.
This resulted in "Nakamura" real value of output, again computed both with
andwithout agricultura l intermediat e inputs.

I then computed the ratio of the

value of agricultura l inputs over the value of agricultura l outputs for all
four output series and the two total factor input series. The inclusion or
exclusion of intermediat e agricultura l inputs did not make much difference.
Therefore, I will discuss only the ratio where intermediat e agricultura l inputs
were excluded.
By LTES statistics cost exceeded output in the 5 years 1890 to 1895
by 78%. This excess declined to 14% for the 5 years between 1958-62. Even
using the Nakamura assumption about agricultura l output still leads to an
excess of costs over output value of 38% in 1881 to 1885, an excess which de
clines only after World War II to 18% in 1958-62.
It seems unlikely that a sector would continue to produce output for
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a long time if costs of produ ction exceed value of output by
50% or more.
It is also clear that the LTES statis tics are not simply wrong
but have sur
vived much scruti ny from many angles and Nakam ura's rice yield
adjust ment seems
to be excess ive (see Hayam i, 1975). What is more plausi ble
is that the fac
tors of produc tion in agricu lture, in partic ular labor, were
also produc ing
nonag ricultu ral outpu ts, espec ially of the servic e kind. Many
of these ser
vices, such as transp ortatio n,may not have entere d nation al
income accoun ts
at all. Others may have been counte d as nonag ricultu ral outpu
ts. If this
hypot hesis was true we would have to adjust the fracti on of
income produc ed
in agricu lture upward s and adjust downw ards the fracti on of
labor engage d in
agricu lture.
Even if the statis tics did reflec t produc tion of other than
agricu l
tural commo dities by the factor s assign ed to agricu lture,
the produ ctivity
differ ential betwee n the two sector s would probab ly not disapp
ear compl etely.
A certai n amount of resour ce produ ctivity differ ential
is always assume d in

econom ic models with dual struct ure. But how would this differ
ential be main
tained in the presen ce of factor mobil ity?
Two main possi bilitie s exist: One is that the nonag ricultu
ral labor
force is more highly qualif ied than the agricu ltural one,
i.e. having more
human capita l or a differ ent demog raphic mix. This could
be built into our
model by assumi ng that an agricu ltural labore r can only replac
th
e a k
frac
tion of a nonag ricultu ral one. A full employ ment condit ion
could be writte n
as

(A-1)
where

LN

is the labor force adjust ed to the qualit y of the nonag ricultu
ral
labor force. The factor mobil ity condit ion would then become

where the
If

A's

now are propo rtions of labor in the adjust ed labor stock

k

L.

and its change s could be estima ted, this reason for produ
ctivity
differ ences would not be too diffic ult to introd uced into
model s.
Howev er, this phenom enon cannot be the only reason for the
observ ed
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excess of the costs of producti on in agricult ure over the outputs value. Surely
such product ivity differen ces in the labor force would be reflecte d in lower
wage rates and hence lower costs of producti on, and could thus not contribu te
to such large cost excesses . The existenc e of a wage differe ntial for equally
efficien t labor may be another mechanis m by which a product ivity differen tial
· between the sectors can be maintain ed.

From most studies in develop ing coun
tries it appears that the gains from migratio n far exceed migratio n costs,
i.e. that a permane nt differen tial between urban and rural wages exists. As

long as the nonagri cultural sector expands, the wage differen tial can persist
simply because of lags in the migratio n process. But it could also persist
due to higher costs of living in the nonagri cultural sector. A third explana
tion could be that the nonagri cultural labor force has less opportu nities for
self-pro visionin g type of home producti on and will want to be compens ated for
this by a higher wage rate. And finally, union power could push up wages in
~ertain parts of the nonagri cultural sector.
One can compute how much higher the average nonagri cultural wage rate
would have to be if the labor market imperfe ction were the only mechanis ms
by which the product ivity differe ntial between the sectors are maintain ed.
The ratio of nonagri cultural to agricul tural wages necessar y in 1880 is about
4 to 1, which is totally unreali stic and not supporte d at all by Japanese
economic data. (See Okhawa et al., 1966, Bank of Japan, 1966, Kelly and
William son, 1974.)

The mystery of the apparen t factor product ivity differ
ential thus remains a puzzle which limits the usefulne ss of general equilib 
rium type models for the analyses of early Japanese economic history. Because
such models do require very good data on sectora l allocati on of factors of
producti on and output and they also require the modeling of factor and goods
markets behavio r which is consiste nt with whateve r product ivity differe ntials
remain after inputs and outputs have be1!Il measured correctl y.
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LIST OF SYMBOLS

A'

'

B'
C

D*
E

Factora l rates of technica l change.
Cost of producti on.
Final demand shifters .
Factor augment ation rates.

K

K*

Capital , capital supply shifter.

L

L*

Labor, labor supply shifter.

M

~'~'

Mz

Per capita product or income.
Labor, capital, land income.

N

Populat ion.

p

Output prices.

Q

Biases.

R

Capital rental rate.

s

Land rent.

s~

Share of factor

T'

Rates of technica l change.

l.

w

i

in product

j

y

Wage rates (or factor prices in general many factor case).
Outputs .

z

Quantity of land.

a:

a :

Connnodity demand elastici ties.
Elastic ity of substitu tion.

£

Factor supply elastici ties.

T)

Factor demand elastici ties.

"·

1

Share of labor force in sector

J.li

Share of sector

~i

Share of capital in sector

i

i •

in nationa l product .
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